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ABSTRACT
This case history describes the design, installation, and mainly the performance of the deep foundation system of a new automobile
plant and complex near Golcuk, Kocaeli, Turkey, which was under construction when the August 17, 1999 earthquake struck
western Turkey. The plant is situated on geologically young deposits in a seismically active region, only 1 km to the epicenter of the
M, = 7.4 Kocaeli earthquake. With the awareness of this unfavorable setting, the original foundation system was designed to have
combinations of bored, cast-in-place piles; jet grout columns; and displacement stone columns, after a series of pre-design fieldtesting. The earthquake took place when most of the plant was already erected, but only one building, which was very close to the
surface trace of the fault, sustained structural damage. On the other hand, the entire site underwent subsidence and lateral
displacement due to faulting. An extensive testing and investigation program was adopted after the earthquake to verify the
performance of the deep foundations and to reassess the soil conditions. It was then decided to proceed with the construction, only
moving the damaged building away fiom the fault rupture line, and further improving the foundation design.

This case history describes the design, installation, and
mainly the performance of the deep foundation system of a
new automobile plant and complex near Golcuk, Kocaeli,
Turkey, which was under construction when the August 17,
1999 earthquake struck western Turkey.

irregular streams originating fiom the mountains on the
south. As the sedimentation process took place in turbulent
conditions, the deposits display a wide range of grain sizes,
without any distinct stratification. Although clay and silt are
dominant particle sizes, it is usually difficult to classify and
assess these deposits as foundation soils. A typical soil profile
representing part of the plant site is given in Figure 2.

The plant site is located to the east of the town of Golcuk, on
the alluvial plains bounded by the limit - Golcuk, Highway
on the south and the Marmara Sea on the north. The total
area of the site is approximately 1,600,000 m2, and the
complex consists of a Press Shop, a Body Shop, a Paint Shop,
an Assembly Shop, and a General Management Building,
plus several associated ofices, services, and a parking
structure. The fkture extensions of the project planned for
starting at a later date, included a jetty and a product test
road. (Fig. 1.)

Tectonically, the plant lies on the North Anatolian Fault
Zone, stretching fiom East Anatolia into the Marmara Sea.
This right-lateral strike-slip fault zone is one of the most
seismically active faults on the Earth, and is known to have
caused several earthquakes since B.C. 2000 in recorded
history, and seven major earthquakes in the twentieth century.
It is only a few hundred meters wide in the east end, but gets
wider towards the Marmara Sea, and is eventually ramified to
merge with the northern part of the Aegean horst - graben
system.

1. WTRODUCTION

2.

GEOLOGY & SOIL CONDITIONS

The automobile plant is situated on the young alluvial plains
along the south coast of the Marmara Sea, formed by
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During the design phase, the Client had a soil investigation
program carried out at the site, which was 750 - 1000 m
inland fiom the shoreline. A total of twenty-seven boreholes,
with regular SPT’s, and to a maximum depth of 21 m, were
carried out. It was noted that the groundwater was within a
1
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Fig. 1. Site Plan
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meter from the ground surface, the diurnal and seasonal tidal
variations affected the groundwater level, and some of the
sand layers were susceptible to liquefaction. (Saglamer, 1998)

650 to 800 mm dia., 15 to 18 m effective length were
selected. Pile caps were connected to each other with ground
beams. 20 cm thick reinforced concrete slab on grade were
used for floors of the buildings.
The project was going on when the August 17, 1999
earthquake struck western Turkey. The foundation work was
about 90% complete, and most of the structures were erected
on that date. The foundation work consisted of 250,000 m of
jet grouting, 50,000 m of stone columns, 40,000 m of bored,
cast-in-place piles, 12,000 m2 of diaphragm wall, and
5,000 m2 of sheet piling.

4. THE AUGUST 17,1999 KOCAELI EARTHQUAKE
The Kocaeli earthquake (M, = 7.4) occurred at 3:02 a.m.
(local time) on August 17, 1999. The epicenter was located
about 11 kilometers SW of the industrial city of Izmit, and the
hypocenter was at a depth of 17 km.The earthquake caused
about 20,000 deaths, and devastated several towns.

-
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Fig.2. Generalized Soil ProJile at a part of New Body Shop

3. ORIGINAL FOUNDATION DESIGN
The structures were designed as steel trust roof erected on
prefabricated reinforced concrete columns. Typical spans
were 16 m longitudinally and 20 m transversally. The
original foundation design for the various buildings in the
complex consisted of jet grout columns, bored, cast-in-place
piles, and stone columns. Jet grout columns of 800 mm dia.,
10 m effective length, and displacement stone columns of 600
mm dia., 10 m effective length were selected mainly for
supporting the slabs of the buildings to transfer the loads of
20 to 50 kPa to denser strata, thus controlling settlements and
reducing the risk of liquefaction. Typical jet grout column
and stone column grids were 2.5 m x 2.5 m and
2.0 m x 2.0 m respectively.

-*
’

In the Body Shop and Assembly Shop; 4 no. of jet grout
columns of 800 mm dia., 10 - 12 m effective length and
having allowable bearing capacities of 400 to 500 kN were
distributed under each footings depending on the column
loads (1000 to 1500 kN). A grout mix consisting of cement
and water (wlc =I) was used for the jet grouting works. The
cement type was OPC and the minimum grout consumption
was 200 kg I m.
In the Paint Shop and Press Shop; 4 no. of bored, cast-inplace piles were used to transfer the loads of single columns
or groups of columns to deeper and denser strata. Piles of
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At the strong motion seismometer closest to the epicenter,
located at about 10 km ffom it, the peak horizontal and
vertical accelerations were recorded as 0.32 g and 0.24 g,
respectively. The surface rupture as observed on land was at
least 60 km, and the lateral offset was locally as high as
4.5 m. (Barka, 1996), (I.T. U., 1999)
The plant site is only about 1 km west of the epicenter, and a
surface rupture line runs along the south boundary of the site.
(Fig.3)
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Fig. 3. The epicenter of the Earthquake and the fault rupture
line.(Giilen & Kalafat, 1999)
5 . CONDITION OF SITE
EARTHQUAKE

AND BUILDINGS AFTER

A geodetic survey program was implemented a week after the
earthquake. The displacement along the fault in the vicinity
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of the site was 1.60 m vertically and 2.00 m horizontally with
right-lateral movement. Measured settlements and horizontal
displacements of the structures with respect to the original
positions are shown in Figure 4.

southem 50 m of the Body Shop wall appeared to have been
uplifted, indicating that there has been some settlement of the
soil around the piles whereas the soil adjacent to the piles
along the north part of the wall does not appear to have
settled.

241 cm

There was some structural damage in the Body Shop as
evidenced by tilting of the prefabricated columns,
deformation of the steel roof members, and cracking of the
slabs.

ASSEMBLY SHOP

Minor cracks were observed on the slabs of Press Shop; but
there was no damage reported on the r.c. diaphragm walls
supporting the 8 m deep press pits. Besides, no water seepage
was observed. Maximum settlement measured was 6 cm.
Recorded differential settlements and angular distortion
between the adjacent columns of the Assembly Shop and
Paint Shop were in the tolerable limits.

FAULT LINE
10 Ern

S.L.B.E : SLAB LEVEL BEFORE EARTHQUAKE
S.L.A.E : SLAB LEVEL A F E R FAR'IHQUAKE

Fig. 4. Measured settlements and horizantal displacements of
the structures due to the earthquake.
There was general subsidence on the north side of the fault,
which is indicated by the inundation of the site to about
elevation +2.0 m. The surface trace of the fault is irregular
and there is a right step where the fault direction changes
fiom NW - SE to NS and then back to NW - SE. Secondary
faulting and deformation on the downthrown side of the fault
is concentrated along this bend in the fault, because there is a
tendency for the fault to rupture in a more straight line across
this bend. The southwest comer of Body Shop lies within the
zone of secondary deformation. The faulting has deformed the
building, moving the southwest comer of the building
northward about 45 cm.This resulted in shortening of the
west wall of the building.
Cracking was observed in the ground outside Body Shop
along the western 95 m of the south wall and there is a
gradual warping of the wall with the westem part of the wall
moving northward. Movement of the column footings
observed in the southeast corner of the building and
deformation of a concrete lined through for electrical conduit
to the west of the Body Shop all appear to be consistent with a
broad zone of distributed shear associated with secondary
deformation described above.
It was noted that, in addition to the general subsidence, the
difference between the max. and min. settlements in the Body
Shop was 77 cm. One row of jet grout columns along
Paper No. 10.47

6. SUBSURFACE INVESTlGATION & TESTS AFTER
THE EARTHQUAKE
6.1. Subsurface Investigation :

An extensive ground investigation program was implemented
to obtain information on the soil conditions after the
earthquake and to investigate any secondary rupture surfaces.
The investigation also focused on more specific issues such as
the presence and variation in thickness of gassy & organic
soils, the liquefaction potential and dynamic properties of the
silty sand layers.
The investigation consisted of 225 CPT's, 8 boreholes with
sampling and SPT's, 5 PS logging tests (BH2, BH3, BHS/A,
BH-9 & BHI 0), 3 auger borings for visual inspection (AD- 1,
AD-2 & AD-3) and 4 groundwater sampling wells for gas
monitoring (BH-4, BH-6, BH7/A & BH8/B). (Fig. 1)
Geotechnical laboratory tests on selected disturbed and
undisturbed samples, and chemical tests on groundwater
samples were carried out. Based on the soil investigation
results, the following was observed :
0

0

High artesian pressures were found to prevail over the
entire site.
Based on PS logging tests; the shear wave velocities (V,)
of 150 - 250 m/sec at the top 10 m and 250 - 350 m/sec
at 10 m to 15 m were encountered.
In some areas of the new Body Shop, weak layers of silty
clays and silty sands with traces of organic material
having high liquefaction potential were encountered
between depths of 15 m to 20 m fiom the existing
ground surface. (J.G.S., 1998) Those weak layers, not
detected by the limited number of SPT's, were not
4
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missed by the CPT's carried out at 5 m centers in that
particular area in the new Body Shop.
Neither very soft clay layers nor organic or gassy layers
(gas bearing stratum) were encountered.
Based on the chemical tests carried out on groundwater
samples, max. 65 mg/L of carbon dioxide, 0.1 mg/L of
hydrogen sulphide, 8.0 mg/L of methane and 70 m g k of
sulphate were found.

Based on the carbon dating tests performed by a team of
mining faculty members fiom Istanbul Technical
University; it was predicted that the period of an
earthquake with a magnitude > 7.0 in the Gulf Area is
much more longer than the economic life of the
structures at the proposed plant site.

Table 1. The details of the loading tests performed after the Earthquake

Type of Tests

size of

Name

The Plate

Zone Loading Test on an Area improved by

Assembly

Jet Grouts (Dia=80cm; L=lOm)

Shop

Plate Load Test - I on an Area improved by
Jet Grouts (Dia=SOcm; L=10 m)

Maximum

Building

Body Shop

Plate Load Test - 2 on an Area improved by

Stone Columns (Dia=60cm; L=10 m)

Settlements

Test Load

4.0 x 4.0 x 0.2 m

2560

1 1.60

6.10

2.0 x 2.0 x 0.2 m

240

1.60

0.60

2.0x2.0x0.2 m

1

240

1

1,41

1

0,60

1

6.2. Tests to check the Performance of the Foundations :

A number of tests were carried out to check the performance
of the foundation system during the earthquake. In the
Assembly Shop, one zone loading test was performed on an
area improved by jet grout columns. In the portion of the
demolished Body Shop overlapping the new Body Shop site,
two plate load tests, one to represent an area improved by jet
grout columns, and another in an area improved by stone
columns, were carried out. The results showed that the
residual settlements were negligible. (Table 1)
Thirty jet grout columns (fourteen in Old Body Shop and
sixteen in Assembly Shop) were selected by the Consultant
for continuous coring to investigate their condition and the
presence of any cracks caused by the earthquake. Core
samples of 90 mm dia. were taken with a T- 101 core sampler.
The continuous core samples did not show any cracks induced
by the earthquake. In the unconfined compression tests
performed on the core samples taken from the jet grouts
columns; q, values of 6 MPa to 28 MPa and moduli of
elasticity (Es) of 2500 MPa to 3850 MPa were measured.
On the basis of the loading test results, it was indicated that
the foundation system and the construction procedures were
safe and acceptable. Thus, according to all findings from site
investigation and loading tests; the Client decided to proceed
with the project with some design revisions.
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7. REVISED FOUNDATION DESIGN
Although the results were satisfactory, the new designer,
joined the project several months after the Earthquake,
decided to revise the foundation design. The main features of
the new design were as follows :
After studying several alternatives, the Client decided to
abandon the Old Body Shop, and construct a new one
perpendicular to the surface rupture line runs along the
south boundary of the site. (Building No. : A-1 & A-2 in
Fig. 1)
In a small area where the weak layers were encountered
in the new Body Shop during the soil investigation, a
more conservative design was selected. Jet grout columns
of 1000 mm diameter, 2 m to 6 m effective length were
distributed immediately beneath the pile toes. Under the
slabs in this area; additional jet grout columns of 800"
diameter, 2 m to 6 m effective length with a grid of
2.5m x 2.5 m were placed. (Fig. 5)
Around the structures, four rows of jet grout columns of
800 mm diameter, 10 m effective length with a grid of
2.5 m x 2.5 m were distributed under a 10 m wide strip
as a liquefaction control.
Due to the presence of trapped methane under the
buildings with large base areas, a special gas drainage
system was designed under the foundations.
5

Table 2. Distribution of Bored, Cast-in-place piles, Jet Grouts & Displacement Stone Columns at the Plant Site

II II

Before Earthquake

Building

Building

N"

AWA

I

._.
--

A-1 & A-2

I

I

II

I

II

I

II

Jet
Piling
Stone
Grouting
Works
Works
Columns
Dia :80 cm Dia : 65 cm Din :80 cm Dia :60 cm

225m'

490d

5,000~11

2500m'

30,Wm

I

II

I

7,500m
30,000 m

2,000111
Future Extension
Future Extensiou

18,500 m

21,500 m

Bored cast-in-place piles of 650 mm diameter, 1 lm
to 18m effective length, with a maximum working
pile load capacity of 480 kN; and 800 mm diameter,
15m to I8m effective length with a maximum
working pile load capacity of 640 kN were selected
as the two pile types, to be installed.

50,000 m

0

0

0

Not to Scale

Figure 5. The Revised Design in Weak Zone Area at the
New Bo& Shop (Shaded Area in Fig.1)
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Since the piles passing through the weak layers
would be subjected to very large bending moments
under earthquake loading, the longitudinal
reinforcement to be used in the piles was increased.
The 650 mm diameter piles were reinforced with
13 4 32"
bars and the 800 mm diameter piles with
bars. The transversal reinforcement
19 4 32"
consisted of $10"
helical stirrups with a pitch of
150 mm.
In order to improve the bearing characteristics of the
structural elements to be subjected to high horizontal
seismic forces and bending moments, some of the
existing columns were enlarged and a number of
new reinforced concrete columns and walls were
constructed in the Assembly Shop and the Paint
Shop. Additional piles of 800"
diameter were
distributed under the new retrofit foundations
supporting the new reinforced concrete columns and
bearing walls.
The specified 28-day strength of the concrete was
revised to 25 MPa.

On the basis of this new design, additional 150,000 m of
jet grouting, and 30,000 m of bored, cast-in-place piles
were executed in the project as of end of June, 2000.
(Table 2)

A total of twelve working pile load tests to ASTM
D-1143 were performed on piles selected by the
Consultant. The piles were loaded to a maximum load of

6

720 kN, which is 1.5 times the specified design load and
a maximum settlement of less than a millimeter was
encountered. Table 3. summarize the pile load test
results. Pile Integrity Tests were carried out on piles, one
in every hundred piles. The results indicated that the pile
design and the construction procedure were safe and
acceptable.
As part of a strict quality assurance program pursued in
the project, core samples were taken from the heads of
the jet grout columns, one in every fifty columns and one
continuous core sample for every thousand columns.
Unconfined compression tests were performed on the
core samples taken from the jet grout columns; qu values
of 3.5 MPa to 25 MF’a were found.
Table 3. Working Pile Load Test Results
Pile

Building

No

1

A-2

C

150

E
D
A-2
A- 2

A- 2
A- 2

1

1.

027

001

C
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